xanthophyll needed to produce dark egg yolks and 2) to determine the effect of yellow corn, milo and animal fat on egg yolk color. EXPERIMENTAL Three short-term experiments were conducted with S. C. White Leghorn hens maintained in individual laying cages. The first experiment was of 6 weeks duration, however, the subsequent experiments were limited to only 4 weeks. It was observed in the initial experiment that 2 to 4 weeks was sufficient time to measure the effect of diet on yolk color. Five birds were assigned to each experimental group which received a separate diet. Water was supplied by automatic drip-type nozzles; each bird was fed ad libitum in a separate feed box.
The composition of the basal diet is presented in Table 1 . Whenever possible, dietary alterations and substitutions were made on an isocaloric and isonitrogenous basis. Since these experiments were designed primarily to study the effect of diet on egg yolk color, the egg production and feed efficiency data are not reported herein.
Egg yolk color was determined at weekly intervals on 3 or 4 individual eggs from each group, with one exception. In the second experiment, daily yolk color determinations were run on the eggs produced by two experimental groups. Both the beta-carotene (A.O.A.C, 1958) and the N.E.P.A. methods for yolk color were utilized. The pigment in a 2.5 gram sample of fresh egg yolk was extracted with 100 ml. of acetone. The optical density of an aliquot from the acetone extract was measured at 445 mf*. with a Bausch and Lomb Spectronic-20 colorimeter. Optical density values were applied to standard curves for beta-carotene and potassium dichromate solutions, respectively, to obtain the beta-carotene equivalents per gram of fresh yolk and the N.E.P.A. numbers.
The yolk color data obtained at the end of the second, third and fourth weeks of each experiment were subjected to analysis of variance (Snedecor, 1956) . In every instance, the different periods or weeks had no significant effect on yolk color. Since the effect of each dietary treatment on yolk color was consistent after the 10th day of every test, all yolk color values reported herein are the average of data obtained at the second, third and fourth weeks. Duncan's (1953) multiple range test was used to compare treatment means when significant differences were detected by the analysis of variance. All interpretations of data are based on the 1 percent level of probability.
RESULTS AND DISCUSSION Preliminary data from experiments 1 and 2 of this study have been previously reported (Holleman and Sullivan, 1959) . Experiment 1. Yolk color data obtained in the first experiment are presented in Table 2 . When the basal diet containing 60 percent of yellow corn and 3 percent of dehydrated alfalfa meal (17 percent protein) was fed, the beta-carotene equivalent was 44.8 per gram of fresh yolk; the N.E.P.A. number was 3.2. The addition of 10 milligrams (mg.) of purified xanthophyll per pound to this diet did not significantly increase yolk color. When the diet contained 10 percent of good quality dehydrated alfalfa meal, yolk color values were significantly greater; the beta-carotene equivalent was 86.8 and the N.E.P.A. number was 6.2. Yolk color values were drastically reduced when milo completely replaced yellow corn in the bird's diet. The addition of purified xanthophyll (30 mg./ lb.) to the milo diet did not significantly increase yolk color. Experiment 2. This experiment was conducted to determine the effect of supplemental xanthophyll, dehydrated alfalfa meal, corn gluten meal and fat on egg yolk color. The data are presented in Table 2 .
Yolk color values obtained with the basal diet were a 36.4 beta-carotene equivalent and a 2.6 N.E.P.A. number. The addition of 4 percent of animal fat to this diet had no effect on yolk color or the utilization of supplemental xanthophyll. Addition of 40 mg. of purified xanthophyll per pound of diet did not significantly increase yolk color. When 10 percent of either dehydrated alfalfa meal or corn gluten meal was present in the diet, the beta-carotene equivalent and N.E.P.A. number were significantly increased. Dietary levels of 15 percent of these products further increased yolk color. The response to corn gluten meal was greater than to dehydrated alfalfa meal. This difference was statistically significant when IS percent of each was fed. Yolk color values obtained with a diet containing 12 percent of each of these products were significantly greater than the values obtained with any other diet. When milo completely replaced yellow com, yolk color was again drastically reduced. The addition of purified xanthophyll (40 mg./ lb.) to the milo diet significantly increased yolk color.
The daily effect on egg yolk color of diets high and low in pigmenters is illustrated in Figure 1 . Yolk color values for eggs produced by the groups receiving diets 9 and 10 in experiment 2 were used for these response curves. Two eggs from each group, but not necessarily from the same individual birds, were measured daily for 20 days. It appeared that the full effect of diet on egg yolk color was expressed in 10 days. Several factors will apparently cause variations in yolk color intensity among birds fed the same diet (Romanoff and Romanoff, 1949) . Such factors include age and strain of bird, rate of egg production, egg size and the clutch position of each egg. That variations in egg yolk color were more pronounced when the diet contained a high level of pigmenters (diet 9) is illustrated in Figure 1 .
Calculations based on data from experiment 2 and xanthophyll values reported by Hastings (1961) suggest that 10 to 12 mg. of "available" xanthophyll per pound of diet is required to produce egg yolks with a 4 to S N.E.P.A. number, or with 50 to 75 beta-carotene equivalents per gram. Expressed in grams per ton, this level would be 20 to 24 grams of "available" xanthophyll or about 50 grams of total xanthophylls. For reasons which are as yet unexplained, the xanthophylls in dehydrated alfalfa meal appear to be less available than those in yellow corn and corn gluten meal.
Experiment 3. Data obtained in this experiment are presented in Table 3 . This test was conducted primarily to determine the levels of dehydrated alfalfa meal necessary in a milo diet to produce the egg yolk color generally acceptable for table consumption (N.E.P.A. 1.5-3.0) and most desirable for breaking stock (N.E.P.A. 4-5). An alfalfa meal containing 17 percent protein was utilized. About 6 to 10 percent of this product was needed in the milo diet to produce egg yolks acceptable for table consumption. Likewise, at least 15 percent was required to produce yolks desirable for breaking stock.
SUMMARY
In a study concerning the effect of dehydrated alfalfa meal, corn gluten meal and other dietary components on egg yolk color, three short-term (4 to 6 weeks) experiments were conducted. Data pertaining to egg yolk color (beta-carotene equivalents per gram of fresh yolk and N.E.P.A. numbers) were collected. These data suggest or indicate the following:
1. To produce the egg yolk color most desired by the breaking industry (N.E.P.A. 4 to 5), 10 to 12 percent of good quality dehydrated alfalfa meal or about 10 percent of good quality corn gluten meal was needed in diets containing yellow corn. 2. Calculations based on data from this study indicated that 10 to 12 mg. of "available" xanthophyll per pound of diet was required to produce egg yolks with a 4 to 5 N.E.P.A. number of with 50 to 75 beta-carotene equivalents per gram. 3. When milo completely replaced yellow corn in the hen's diet, 6 to 10 percent of dehydrated alfalfa meal was needed to produce egg yolks generally acceptable for table consumption. Likewise, at least 15 percent of alfalfa meal was needed to produce the most desirable yolks for breaking stock. 4. The addition of 4 percent of animal fat to a yellow corn-soybean oil meal diet did not influence egg yolk color. 5. Yolk color was increased when purified xanthophyll (10 to 40 mg./lb.) was added to the hen's diet. However, in 3 out of 4 instances these differences were not statistically significant. 6. The full effect of diet on yolk color was expressed in 10 days. (Kosin, 1956; Becker and Bearse, 1958) . Milby and Sherwood (1960) showed that preincubation warming only increased hatchability of turkey eggs produced from hens whose hatchabilities were below the average of the population (Milby and Sherwood, 1960) . The usual warming procedure is to subject eggs to a period of five hours at 99.5°F. the day after they are laid, after which time the eggs are returned to the egg holding room for the remainder of the storage period. The question arises as to whether greater benefit could be obtained if warming is applied, instead of on the day after lay, somewhat near the middle of the storage period. Or, the five-hour warming might be given in the form of two or more doses with approximately equal intervals between applications.
In January 1960, half of the eggs shipped to the Regional Poultry Genetics Laboratory at Athens, Georgia were warmed for five hours in a Jamesway 252 incubator at 99.5°F. prior to shipment. The other half served as the untreated control. The age of the eggs ranged from 8 to 19 days at the time of setting. Hatchability of the treated eggs was 82.7% as compared with 74.6% of the control, a difference significant at the 5% level of probability. There was some indication that the age at which the eggs were treated might be of importance.
MATERIALS AND METHODS
This report covers a study of warming procedures employing three lines of the University of Arkansas White Wyandottes. The three lines are designated as High (selected for large 8-week body weight), Low (selected for small 8-week body weight), and High-Low (selected for large 8-week and small 20-week body weights). Eggs produced daily during the first week, after having been divided into the various treatments, were held for three weeks (22-28 days old). Similarly, eggs produced during the second week were held for two more weeks (15-21 days old) and those of the third week for one week (8-14 days old). Finally eggs produced during the fourth week were set at the end of the fourth week (1-7 days old). Table 1 shows pre-incubation warming procedures which
